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THE DIAGNOSIS OF THE MORE COMMON HELMINTHIC 
INFESTATIONS OF MAN. 

By J. P. Hickey, Acting Assistant Surgeon, United States Public Health Service, Immigrant Hospital, 

Angel Island, Calif. 

INTRODUCTION. 

The subject of intestinal parasites has not always been sufficiently 
emphasized in our country, and as a result there is often a lack of 
knowledge of the prevalence of diseases caused by these parasites. It 
is quite true that, in the past, examinations for diagnosis of infections 
of this character were considered of value to physicians in tropical and 
subtropical countries; but now that, as Manson states, modern methods 
of travel have removed to a great eKtent the barrier to the spread 
of tropical diseases, no inconsiderable proportion of which are due to 
animal parasites, the need for such examinations is not restricted to 
such countries. In a country like the United States, with its varied 
telluric and climatic conditions, w^e undoubtedly have all the re- 
quirements favorable to the spread of certain parasitic infections. It 
is also likely that there have been endemic foci established within our 
borders, which will remain undetected until such time as the exam- 
ination of feces becomes a routine practice in clinical diagnosis. 

In this regard attention is called to the fact that out of approxi- 
mately 8,500 deaths occurring among Chinese in the State of Cali- 
fornia, in not a single instance are diseases due to helminths or to pro- 
tozoa mentioned either as the immediate or contributory cause of 
death, notwithstanding the fact that the bureau of communicable 
diseases of the California State Board of Health and certain physicians 
report the prevalence of hookworm disease in the gold mines of this. 
State, and that Surgeon White (1906) of the United States Public 
Health Service in his investigations of plague in California in 1901 
found at autopsy that a large number of Chinese were afflicted with 
clonorchiasis. In this latter connection there are two factors to be 
considered: First, that helminthic diseases do the greatest harm by 
being of long standing, their inroads favoring the introduction of in- 
tercurrent diseases; and second, that the Chinese in many instances 
employ their native practitioners, and not until shortly before death 
is a regular physician called, and then only to comply with legal 
requirements. 

(1383) 
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It may be contended that, owing to the absence of intermediate 
hosts adaptable to the complex developmental cycles of the Trematodes, 
the diseases caused by these worms are of academic interest only. 
Investigations show that in several instances there is a lack of speci- 
ficity of intermediate hosts adaptable for the life cycles in species of 
the same genus, e. g., Schistosoma haematobium and S. mansoni; and also 
that Fasciola hepatica may have its life cycle completed with several 
different species of snails from different parts of the world, adaptable 
as intermediaries. Martinez has reported the larvae of the S. mansoni 
consorting with those of the F. hepatica in the swampy regions of 
Porto Rico. 

As to the prevalence of fluke diseases, they are not found to be as 
widespread as hookworm disease even in those parts of the world 
w T here they are known to be endemic, the foci being more or less iso- 
lated. For example, in Porto Rico, with all conditions favorable, 
the percentage of infection by S. mansoni in the rural districts, which 
are the known endemic areas, has reached only 7.8 per cent. In 
China, 8. japonicum is prevalent in the valley of the Yangtze and its 
tributaries, and practically absent in the Canton districts; while in 
Japan there are certain localities only where schistosomiasis is en- 
demic. As there are no restrictions to travel, it is undoubtedly true 
that there are many cairiers roaming about that country without 
producing new endemic foci. This is pertinent when it is considered 
that the environment and especially the food habits are distinctly 
oriental. 

The purpose of this paper is to present the clinical side of para- 
sitology as it relates to the more common helminths infesting man 
(special attention being given to the identification of their ova found 
in the sputum or feces), with but slight reference to the zoological 
features of the parasites; also to call attention to some of the excep- 
tions that have been noted in reference to clinical manifestations. 
For a complete description of the diseases caused by parasitic worms, 
the reader is referred to standard text books on the subject. 

The series of cases on which this article is based were, so to speak, 
culls which were previously inspected and accepted by the examining 
physicians at the foreign ports of embarkation; therefore the report 
will not be of statistical value in estimating the prevalence of this 
class of diseases in a particular region. In many instances of the series 
there were, practically speaking, no clinical manifestations, due either 
to the lightness of the infection or to an immunity acquired or in- 
herited by the progeny of a thoroughly parasitized ancestry. Past 
histories, subjective symptoms, etc., were not obtainable, because of 
the fear on the part of the aliens that information given by them in 
reference to previous diseases would be prejudicial to their entry 
into the United States. 
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LABORATORY TECHNIQUE OF FECAL EXAMINATION. 

The centrifuge method has been found to be one of the best foi 
the preparation of the specimens of feces for microscopical examina- 
tion, since it makes possible not only the detection of the ova of 
hookworm but also those of other parasites which may find their 
way into the lumen of the intestines. The technique is rapid and the 
percentage of error small; and where many examinations are to be 
made, the method used for collecting specimens prevents the possi- 
bility of mixing the specimen from one individual with that of an- 
other. The collecting of samples is carried out by the use of ordinary 
washbasins (plain, tinned iron) numbered consecutively. The num- 
ber is placed on the inside with asphaltum varnish, which stands hot 
water fairly well.' In addition it is necessary to have a centrifuge 
tube with a corresponding number for each pan. When the indi- 
vidual brings the specimen to the laboratory, he is given a tag on 
which is marked the number of his pan, which serves to identify the 
specimens later on. 

The specimen is prepared for microscopic examination as follows: 

1. A piece of (preferably) formed stool, approximately the size of 
a walnut, is placed in a porcelain cup, and after taking about 60 cc. 
of cold water, the mass is thoroughly disintegrated with the aid of a 
wooden tongue depressor. When disintegration of the feces is as 
complete as possible, the tongue depressor is destroyed. If the stool 
is liquid, an equal bulk of cold water is added and mixed as indicated 
above. 

2. After placing over the mouth of the cup 2 or 3 layers of wide- 
mesh surgical gauze, a portion of the contents of the cup is strained 
into a tube and centrifugalized for 10 seconds at 1,500 to 2,000 r. p. m. 
The gauze is thrown away and a new piece used for the next speci- 
men. The cup is emptied of its remaining contents and thoroughly 
scalded. 

3. The tube is removed from the centrifuge, and, without disturb- 
ing the sediment, the supernatant liquid is poured off and the tube 
refilled with cold water to about } its capacity. 

4. A thoroughly clean rubber pad is placed over the mouth of the 
tube and held in place by the thumb while the tube is shaken vigor- 
ously. When preparing two tubes at the same time, extreme care 
should be taken to use the rubber pads on their respective tubes at- 
each shaking. 

5. The contents are again centrifugalized for 10 seconds. 

6. The supernatant fluid is poured off as described above, the tube 
is refilled with cold water and again shaken. 

7. Centrifugalized again for 10 seconds. 
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8. The supernatant fluid is poured off, leaving about £ inch over- 
lying the undisturbed sediment. The specimen is now ready for 
microscopic examination. 

9. A small amount of the sediment is placed on a slide, and suffi- 
cient water is added to almost completely cover it. This is mixed 
with the aid of a toothpick or match and allowed to stand for 2 or 3 
minutes; the excess fluid is poured off onto another slide, more water 
is added and this is allowed to stand while the first slide is being ex- 
amined microscopically. 

This procedure can be repeated with a third slide, though usually 
the second will suffice. It often happens that ova will be found on 
the second slide and not on the first, on account of the lower density 
of the former, which permits the ova to settle more readily. 

Material from formed stools gives the best chance for success, es- 
pecially when portions from the outside of the scybalum are used in 
searching for the eggs of the Schistosomes. The bringing about of 
an intestinal stasis with tr. opii is advisable if it is otherwise impossi- 
ble to obtain a formed stool. The feces from a meat diet give the 
best results. The chances of finding ova are greatly increased if the 
feces are compact, since the quantity is greater by volume in pro- 
portion to the bulk of the eggs when the feces are semifluid. 

After taking into consideration the many conditions that may 
arise within the intestines from the time of oviposition until* the eggs 
of the parasites appear in the feces, success in the detection of eggs 
can hardly be expected to reach 100 per cent. This is notably true 
when, as in our work, there is only one opportunity for examination, 
since in mild infestations and in the absence of physical signs or other 
tangible reasons, the holding of large numbers of individuals for ex- 
tended observation would not be practicable nor justifiable. 

Eggs that enter the lumen of the intestines while the contents are 
still semifluid will be more evenly distributed, while those entering 
the gut after the feces have become more compact will have an irreg- 
ular distribution. An example of this is the case of the Schistosomes, 
eggs of which enter directly from the wall of the intestines and are 
often found in abundance on the outside of the scybala. 

Occasionally deceptions are practiced by individuals coming up for 
examination, the most common one being to substitute materials. 
Another practice is to ingest large quantities of fats or oil, which keep 
the bowels loose and prevent the eggs from settling to the bottom of 
the tube during centrifugation. In such cases the ova are poured off 
during the preparation of the specimen and are lost. 

Other methods for the preparation of feces have been reported, the 
principle of which is to float the eggs by increasing the density of the 
fluid used. Solutions of sodium chloride, glycerine, magnesium sul- 
phate, and calcium chloride are recommended for this purpose. 
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The technique consists of breaking up a portion of the feces in 
either of the solutions and allowing the suspension to stand for a 
short time to permit the eggs to come to the surface, when the super- 
natant fluid is poured off through two or three layers of wide-mesh 
gauze into a test tube. After the tube has stood for some time, the 
eggs will be found floating on the surface of the fluid, where they may 
be looped off with a wire loop and placed on a slide. (The centrifuge 
is omitted.) This method gives excellent results as far as the ova of 
the hookworm are concerned, but not with those of the Trematodes, 
which will be found at the bottom of the tube. 1 

The advantage as regards the finding of hookworm ova only may 
be as great as 10 per cent in favor of the flotation method over the 
centrifuge method; but with care in preparing the specimens, and 
a careful searching of the slides, the failures will be kept within 
negligible limits. 

One of the most exact methods for detecting hookworm infection 
is by incubating equal parts of the suspected feces and bone charcoal. 
At the end of 72 hours the larvae will be sufficiently developed to be 
seen with an ordinary reading glass. (It is necessary that the larvae 
be differentiated from those of the Strongyloides stercoralis and those 
of free-living water and earth Nematodes.) The process is too slow 
where time is a consideration, on account of the required period of 
incubation. The smear method is susceptible of too much error in 
case of light infections — in fact, any method that does not provide 
for concentration is of doubtful value in light infections — with the 
exception that in schistosomiasis it may give quick results in detect- 
ing the ova in the blood-streaked mucus. Experience has shown 
that clinical methods arc inferior to fecal examinations in determin- 
ing helminthic infections, especially in light infections and those that 
are tending to a spontaneous cure after the removal of the individual 
from an endemic area. 

Occasionally ova may be found, the description of which it will be 
impossible to find in the literature. This is not surprising when we 
remember that there are as yet many unclassified parasites (and also 
known forms whose normal hosts are the lower animals) which may 
infect man incidentally. 2 We should, however, be somewhat con- 
servative in considering parasites as "incidental"; further investiga- 
tion may prove man to be their normal host. 

1 The flotation method was demonstrated by the writer to be inadaptable in dealing with the eggs of the 
Clonorchis sinensis. Mr. James D. McDonald of the Bureau of Communicable Diseases, California State 
Board of Health, has conducted extensive experiments along this line, a report of which is now in the 
hands of the publishers. 

2 Eggs of the free-living water and earth Nematodes are often deposited on green vegetables that are eaten 
uncooked. The eggs appear in the feces, their presence ceasing a short time after this particular diet is ' 
discontinued. These eggs present the usual characteristics of those of the Nematodes, being of larger j 
size than those of similar parasites of the human. 
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III. CERTAIN CLINICAL OBSERVATIONS. 

The clinical courses of diseases due to parasitic worms are not 
unlike conditions of a different etiology with which we are familiar in 
this country. There are, however, instances of infection by the 
Schistosomes in which there will be intervals when no egg will enter 
the lumen of the intestines; in such cases the presence of an eosino- 
philia should attract attention, even though it is not always a trust- 
worthy sign as far as infection by animal parasites is concerned, since 
an eosinophilia is present in some cases and absent in others. Gen- 
erally speaking, I am led to the conclusion that while the various 
clinical symptoms and signs usually attributed to helminthic infesta- 
tions may be present in endemic areas where aggravated cases are 
met with, many exceptions will be found, especially as stated above, 
in light infections. 

Indications of anemia, especially in hookworm infections, were 
often present, though in not a few instances there were no marked 
indications of the condition. In infections by the DibothriocepJialus 
latuSj anemia was constant, examination of the blood showing a 
decided decrease in hemoglobin in both children and adults. As this 
parasite is not of the blood-sucking variety, the anemia is probably 
du£ to the absorption of toxic substances that have been liberated 
by the worm. 

The number of round worms that may be harbored by a young 
child is almost incredible. In many instances there were no out- 
ward signs suggesting the presence of the parasites, and our attention 
was often attracted to the condition by the child's having vomited a 
few worms. From the bulk of worms that may be expelled, one 
would wonder that there was sufficient unoccupied lumen for the 
aliments. 

There came under observation a case of polyparasitism which 
harbored the following organisms: Ancylostoma duodenale, Tricho- 
strongylus orientalis, Paragonimus ringeri, Trichuris tricMura, and 
Ascaris lumbricoides. The eosinophile count was 6 per cent. In 
another individual in which the P. ringeri did not participate, and in 
which Fasciolopsis tuslci completed the ensemble, the case presented 
an eosinophilia of 10 per cent. The individual showed excellent 
physical development, which indicated that parasitic infestations are 
not always concomitant with poor physique. Aggregations of this 
sort are quite frequently met with. 

In infection by the blood- and liver-flukes, the number of ova 
present may seem to indicate a heavy infestation, though a careful 
physical examination of the individual may fail to reveal structural 
changes. 

Helminthic infections may, in some instances, go on to a fatal 
termination without their true etiology being recognized; the clinician 
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is unable to determine their existence, because of the erratic migra- 
tion of the parasites or of secondary localization which may produce 
symptoms in areas other than those of their usual habitat. The 
existence of the parasites in these cases would have been ascertained 
by the finding of a proglottis of the worm or its ova in the feces. 

Some worms that were formerly thought to be deleterious only by 
their mechanical action have been shown by recent investigations to 
be capable of either liberating toxic substances or, by the erratic 
migrations of the adult parasite or their embryos, of producing 
tissue changes of grave import. In this respect attention is called 
particularly to the results of the recent investigations concerning the 
life history of the Ascaris lumbricoides , which show that the embryos 
of the good-natured " stomach worm" of a few years ago were capable 
of invading the lungs. 3 

IV. CONSIDERATION OF THE VARIOUS OVA. 

Before taking up the consideration of the various ova, it may be 
well to state that too much reliance should not be placed on measure- 
ments which are by no means specific. They are subject to variations 
in some instances in the age of the materials containing them. The 
various sizes reported by different observers also depend on whether 
or not preservatives were used. The sizes given below are of the eggs 
as they appear in fresh materials, being prepared for examination 
without the use of a cover glass. 

The sizes of the eggs of animal parasites of the same species are 
subject to the same variations as those of other ovipara; therefore the 
sizes stated are only approximate. * Nevertheless they are sufficiently 
accurate for differentiation, which will enable us to place a doubtful 
ovum within a small group of possibilities. But when there are two 
eggs of nearly the same size, or with dimensions stated that overlap, 
and with other characteristics similar, it will be difficult, if not impos- 
sible, to make a correct differentiation by the dimensions of the eggs. 

Trematoda. 

The eggs of the Trematodes present thick shells, some being 
double contoured. The contents, which consist of yolk cells and the 
developing embryo, always completely fill the shells. The color of 
the eggs ranges from a pale yellow to a dark green. With the excep- 
tion of those of the Schistosomes, the eggs are operculated. 

Schistosoma japonicum. — Infection by S. japonicum was found 
mostly in Japanese. The ova are of a straw or light greenish- 
yellow color, and ovoid in shape. There have been various sizes 
stated. Undoubtedly some sizes refer to the eggs expressed from 

3 Ransom and Foster (1) state that infection by this worm should be considered when dealing with 
pulmonary affections in children. 
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the uterus of the parasite or those which may reach the lumen of the 
intestines shortly after oviposition or those found in the feces of 
lower animals. We are concerned here only with their appearance 
as they are usually found in the human feces. 

After making many measurements; the eggs were found to be 0.090 
to 0.101 mm. long by 0.056 to 0.074 mm. broad, the average dimen- 
sions being 0.100 by 0.070 mm. The shell is somewhat thick and 
smooth ; and usually has vegetable matter adhering to it. Fre- 
quently the eggs are seen completely surrounded by detritus, resem- 
bling in some respects the eggs of the round worm with their 
albuminous covering. It appears that the surface of the shells 
have adhesive qualities; so that the material adhering to the eggs 
will often obscure the outline of the shell to such an extent that 
the eggs may be overlooked. It is therefore necessary to search 
carefully, keeping on the lookout for the outlines of a miracidium. 
I have not observed spines, rudimentary or otherwise; on the shells. 

As a general rule the eggs contain a developing miracidium , which 
will often be seen in motion. Ova that have been expressed from 
the uterus or those that have been recently deposited in the tissues 
may resemble the eggs of the hookworm; but while wandering 
through the tissues they become further developed; so that when 
they appear in the- feces containing a miracidium, this resemblance 
is completely lost. If a cover glass is placed over the egg and pres- 
sure is applied, the shell will be ruptured; permitting the escape of 
the embryo, which may then be seen outside the empty shell, 
either remaining stationary or swimming around the field. This 
is a conclusive test. Occasionally miraeidia of the S. japonicum 
will be observed swimming about before the ova are found. The 
cilia of the miracidium are visible with a high-power objective. It 
has been stated that the miracidium will escape in about 10 minutes 
after coming in contact with water. In a series of tubes the sedi- 
ment was allowed to stand covered with plain water for 48 hours 
(examination was made at intervals), at the end of which time there 
were many unruptured eggs to be seen. It was found almost im- 
possible, however, to place a cover glass without causing dehiscence, 
although at an earlier period they would stand more manipulating. 
This experiment was made to determine the effect, if any, that the 
technique of the examination would have on the eggs. The eggs 
may appear abundant at one time and absent at another. The his- 
topathology of the disease explains this fact. 

As before stated, the only other egg with which it might be 
confounded is that of the A. lumbricoides ; but when it has once 
been seen, there will be little likelihood of a mistake. The ova of 
the 8. japonicum are often found in feces % where, to the naked eye, 
there is^ no sign of blood-streaked mucus. Material will some- 
times be found hi which it is difficult or impossible by centrifuging to 
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get a compact sediment in the tube, because of an excess of mucus. 
Such material should be treated with suspicion and should be again 
centrifuged after treatment with equal parts of antiformin and water. 

The finding of the ova of the Schistosomidse may be facilitated 
either by constipation or a looseness of the bowels. 4 The intestinal 
wall being infiltrated with ova of the Schistosomes, the inflammatory 
reaction may favor the rupturing, into the lumen, of a pocket con- 
taining the eggs. A constipated condition may also favor the finding 
of the eggs by mechanical irritation, especially after the scybala 
become formed. 

Infections by this parasite are not confined to males, but are also 
quite frequently found in females. 

S. mansoni. — The ova of 8. mansoni, owing to their size and the pos- 
session of a very characteristic lateral spine, may be readily 
recognized. They measure 0.112 to 0.173 mm. in length by 0.055 
to 0.102 mm. in breadth. Of the many examinations of individuals 
from the Orient I have not found a case of infection due to the 
S. mansoni. I have found infections only in persons from the West 
Indies. In the cases observed, the parasites seemed to produce no 
symptoms other than a rectocolitis, accompanied by constipation. 
There was a low eosinophile count. 

Paragonimus ringeri. — The eggs of P. ringeri when found in the 
feces are of a reddish-brown color, while those that are obtained 
directly from the sputum have a more golden appearance. They 
are ovoid in shape, measuring approximately 0.060 to 0.100 mm. in 
length by 0.038 to 0.070 mm. in width. They have a thick shell, 
one end of which appears to be flattened. On focusing, an oper- 
culum will be made out which may be likened in appearance to a 
clown's cap, having a sharp-pointed crown with upturned brim. 
The shell contains the ovic cell and the yolk cells. 

These eggs are often found in the feces. It may be that they have 
been coughed up from the lungs and then swallowed. I am of the 
opinion that this fluke inhabits other organs to a greater extent than 
was formerly believed, since several of the cases under my observa- 
tion have presented moderate hepatic and splenic enlargement, and 
the eggs were found in abundance in the feces. If, after finding the 
eggs in the feces, a specimen of the sputum be obtained and spread 
on a slide without fixing or staining, the ova will be found by low 
power magnification. Percussion of the thorax will show a dullness 
of a more or less diffuse character. There may be no rise of tempera- 
ture, and from the general appearance of the individual there may be 
nothing suggestive of pulmonary involvement. If the sputa of 
persons from endemic areas, especially those cases presenting the 

« In agreement with Martinez (2) that some cathartics will provoke a dysenteric outbreak of bilharzian 
rectocolitis, accompanied by abundant discharge of mucus heavily laden with eggs, I am also of the opinion 
that the use of podophyllin, as recommended by Neuman, to set up a slight inflammation of the mucosa 
in the treatment of hookworm would be advantageous. 
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symptoms of bronchial involvement, were examined more as a 
routine, the ova of the Paragonimus ringeri would be oftener found. 

A retraction of either or both supraclavicular spaces may indicate 
infection by this parasite, though the individual be of robust build. 
Careful digital percussion will reveal impaired resonance. Ausculta- 
tory percussion by continuous vibration brings out readily the change 
in density. 

The disease caused by this parasite is referred to as endemic hemop- 
tysis, from which designation one would expect to find hemorrhage 
or blood-streaked sputum. An aggravated case would not be likely 
to come under my observation. In the series of cases observed, the 
evidence or indications of hemorrhage were so slight that they would 
probably have been overlooked if suspicions had not been aroused 
by finding the eggs of the parasite in the feces. 

On inspection, the sputum was found to be of a light grayish-brown 
color. It would be necessary to resort to a stretch of the imagina- 
tion to associate it with blood pigment. The color might be attrib- 
uted to the use of tobacco. 

Clonorchis sinensis. — There are five flukes of clinical interest that 
inhabit the bile channels, viz, Clonorchis sinensis, Clonorchis endem- 
icuSj Opistorchis felineus, Fasciola hepatica, and Dicroccdium Ian- 
ceatum. It is by no means certain that the first two are not iden- 
tical. Their eggs and the eggs of the third so closely resemble each 
other that it is difficult if not impossible to distinguish between them. 
This fact from a strictly clinical standpoint is of no moment, as the 
three parasites are of the same pathological import. There are, 
however, two forms, viz, Heterophyes heterophyes and Metagonimus 
yokogavoai, inhabiting the intestines, whose eggs may be mistaken 
for those of the pathogenic forms, though as far as known they are 
benign (if such a designation is permissible in reference to any intes- 
tinal worm). 

The following table shows the size limits of the eggs of the flukes 
under discussion as reported by other writers. These measurements 
correspond with the experience of the writer. In this table have also 
been included the measurements of the eggs of Trichuris trichiura, 
since they are commonly found and so well known, in order that a 
mental picture may be constructed by comparison, giving an idea 
of what to expect when searching for the eggs of these flukes. 





Length. 


Width. 




Mm. 

0.026-0.030 
0.026 
0.030 

0.026-0.030 
0.030 

0.038-0.045 

0.050-0.054 


Mm. 
0.015-0.017 




0.013-0.016 


O. felineus 


0.011 




0.015-0.018 




0.017 


D. lanceatum 


0.022-0.032 




0.023 
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From the above table it will be observed that the measurements 
of these various ova in this particular instance are not reliable 
guides to aid in their identification. 

The eggs of the above mentioned flukes .are of a light yellow color, 
with the exception of those of Dicroccelium lanceatum, which 
may in old materials exhibit a brownish color. All have thick 
shells, within which may be seen a miracidium. 

The eggs of C. sinensis, C. endemicus, and 0. felineus are either 
ovoid or pear-shaped, or resemble a vase with an elongated 
neck. In either case the projecting brim of the operculum is of 
greater diameter than the superimposed lid. A high-power 
(dry) magnification is necessary to bring out this characteristic 
which makes it possible to distinguish conclusively the pathogenic 
group from the other forms. Eggs of the pathogenic forms may be 
seen without this feature being clearly defined. There will, however, 
always be present in the same specimen, eggs that are typical. A 
hooklike projection is quite commonly seen on the nonoperculated 
pole of the eggs of C. sinensis, although more often it presents the 
appearance of a rounded knob rather than a hook. 

The eggs of IF Jieterophyes and M. yolcogawai are more 
uniformly oval, the position of the operculum being indicated in 
recent specimens by a faint line which does not change the ovoid 
contour of the ovum. They are smaller than the eggs of the D. 
lanceatum. 

As a rule the eggs of C. sinensis are quite plentiful, although light 
infections are sometimes met with which require careful searching, 
especially since the ova resemble in color and size other objects (fat). 

Diatom frustules are sometimes seen, the superficial appearance 
of which is not unlike the eggs of the smaller flukes. 

Fasciolopsis bushi. — The eggs of this fluke are of a greenish-yellow 
color, measuring 0.130 to 0.140 mm. in length by 0.070 to 0.090 mm. 
in width. In recent specimens the shell is thin and smooth, inclosing 
an ovic cell and yolk cells. As the food cells are consumed 
by the developing embryo, in older specimens the shell loses its 
smooth outline, becoming more or less ragged. The eggs are oper- 
culated, but this is not readily seen in fresh specimens unless a cover 
glass is used. The eggs are among the largest found in the feces. 

The possibility of mistaking the eggs of the Fasciola liepatica, a 
pathogenic form, for those of the F. huski should be borne in mind. 
The former are slightly larger and more uniformly ovoid than the 
latter. The infection of man by F. liepatica is very rare; only about 
twenty cases have ever been reported. The F. huski may be readily 
recovered by the administration of thymol or male fern. It is not 
considered of pathological importance and has been found by the 
writer only in Chinese. 
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Fig. 1.— Eggs of parasitic worms, not tfrawn to scale. (After various authors.) 



A. Schistosoma japonicum. 

a. External view. 

b. Median plane view. 
It . Schist >so m a HM nsuni. 

chvris trichiura. 
ngnnimus ringtri. 

E. O/.isthurchis sinensis. In different stages o( 

development as found in the uterus 

F. Dicrocatium lanctatum. 



Fig. 1. 



G . Fasciolopsis buski. 
H. TV/ 

I. 1> :! us kit us. 

J. Ifj ana. 

K. A scar is lumbricoides. 

a. External view, 

b. Median plane \iew. 
L. Ancglostoma duodenale. 
M. Strong yloidcs stcrcoralis. 
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Cestodes. 

Txnia solium and Txnia saginata. — Owing to the close resem- 
blance between them, the ova of T. solium and T, saginata will be 
considered together. The embryophores surrounding the onchosphere 
are globular, of a brown color, and measure approximately 0.035 
mm. in diameter. Those of T. saginata are slightly larger and are 
thick and striated, and the outer yolk shell is of a pale color. Within 
the onchosphere will be observed three pairs of hooklets, differentiat- 
ing the ovum from that of the Tricliiuris trichura when the latter is 
seen standing on end. 

Eggs without the outer yolk covering are more often found. The 
stage of development accounts for the fact that the eggs of the two 
parasites appear in two forms: those with the outer yolk covering 
have been prematurely expressed from the uterus by pressure 
within the intestines, or in passing through the anal ring, while eggs 
without the outer yolk covering are further developed. 

Although there are some differences in the appearance of the two 
eggs, it is doubtful even if the most experienced of us would feel 
justified in resting a decision differentiating the species of the para- 
site solely on this evidence. When proglottides are obtained it is 
easy to distinguish between the two species, since the number of 
lateral uterine branches is greater in T. saginata than in T. solium 

It is necessary that the species of the tapeworm be determined, 
owing to the dangers of cysticerci infection in event that the worm 
is T. solium. Such infection may take place either internally by a 
proglottis finding its way from the intestines into the stomach, or by 
the eating of contaminated food w^hereby the onchospheres are intro- 
duced into the mouth. It is said that this danger does not exist 
in infections by the T. saginata; nevertheless cases of cysticerci 
infection have been reported in which this worm has been indicted. 

Dibothrioc&pJialus laius. — The eggs of I), lotus are of a dark green 
color, ovoid in shape, and measure approximately 0.070 mm. in 
length by 0.045 mm. in breadth. The shells are thick, smooth, and 
operculated. This latter characteristic can not always be seen ih 
fresh specimens, but as the eggs become older, especially if they are 
kept in water at room temperature, it will become apparent. By 
placing on a cover glass and pressing the egg, the operculum will 
often be seen to open up after the fashion of a hinged lid. Tho 
shells are packed with yolk cells, and in some recent specimens* 
& large ovarian cell has occasionally been seen. 

The ova are usually found in abundance; they are normally 
oviposited within the intestines. The proglottides are also found 
in the feces. As a matter if fact we shall, in a great many cases of 
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infection by the larger tapeworms, be anticipated in making a 
diagnosis, by the patient's announcement of the discovery of a 
"link." 

The eggs of D. latus may be mistaken for those of the S. japonicum; 
they can be distinguished, however, by the fact that the shell of the 
former is filled with yolk cells, while that of the latter contains a well- 
defined miracidium. Ova of P. ringeri may also cause confusion. 
Infertile eggs of the A. lumbricoides, having a slight albuminous 
covering, are more likely to lead to error. By deferring the exami- 
nation for 24 hours the operculum of the D. latus will become appar- 
ent, thereby definitely establishing the identity. 

Anemia is constant in infection by this animal, due no doubt to 
toxins liberated and to the long life that is accredited to the worm. 
The infections are usually multiple, which may also be a factor. 
Koreans, Russians, and Japanese are found infected in the order 
given. 

Hymenolepis nana, Hymenolepis diminuta, and Dipylidium cani- 
num. — The eggs of these tapeworms are, on superificial examination, 
quite similar in general appearance. There are, however, dif- 
ferences which may be noticed on a closer study. 

The egg of II. nana is very small compared with that of the other 
tapeworms. The proglottides are easily overlooked, especially those 
of the first two mentioned. The proglottides of the dog tapeworm, 
D. caninum, would usually attract attention. 

Of the three tapeworms, infection by //. nana is the most common. 
Therefore, since the pathological significance of the three worms is the 
same for all practical purposes, we may disregard the eggs of H. 
diminuta and those of D. caninum. 

Figure 1 (j) shows an egg of II. nana. The inner membrane or shell 
surrounding the onchosphere is seen to have two mamillate projec- 
tions, one at each pole, with long filaments attached. Hooklets are 
to be seen with the onchosphere. This characteristic and the fact 
that it is smaller will differentiate the ovum of II. nana from that of 
H. diminuta. The eggs of D. caninum are smaller than those of H. 
nana, and found in the stools, in pockets. The characteristic melon- 
shaped proglottis, which may be readily obtained, is the more ac- 
curate means of determining the species. 

Nematoda. 

The eggs of the Nematodes are not operculated and, with few 
exceptions, have smooth, thin shells. 

The fertilized eggs of the Nematodes contain blastomeres or, in the 
later stages of development, a coiled embryo. The infertile eggs may 
contain a fine granular substance, having in some instances highly 
refractile granules distributed throughout the fine granular mass. 
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Eggs of the Nematodes recently oviposited always have a clear area 
between the blastomeres and the shells. This disappears as develop- 
ment progresses. The eggs of T. trieMura may appear as an excep- 
tion to the general run of this class of eggs; but if we could see these 
eggs earlier, the characteristics would be present. By keeping the 
ova in a warm place, opportunity will be had to observe the various 
changes that occur. 

Ova of "incidental" parasites are occasionally met with, presenting 
all the characteristics of the Nematode eggs. It is quite possible that 
they belong to the group of Trichostrongylidas infesting the lower 
animals. 

Eggs of the Acarina, which, to a considerable extent, resemble 
those of the Nematodes, are occasionally found; they are, however, 
larger, and contain a granular vitellus. The mites also may be found 
in the feces. 

Ascaris lumbricoides. — The ova of A. lumbricoides present different 
characteristics, depending on whether they are fertilized or not, and 
whether or not decortication of the albuminous covering has taken 
place. The normal eggs are of a dark-brown color and are ovoid in 
shape, though occasionally nearly spherical. In recent specimens 
the contents of the shell consist of a single cell. As the specimens 
become older no yolk cells are present and segmentation takes 
place until finally a coiled embryo is seen. 

Unfertilized eggs are longer than those that are fertilized, and when 
the albuminous covering is slight they may be mistaken for the eggs 
of other species, especially those of the D. latus. The presence of 
an operculum will distinguish the latter. 

Decorticated eggs may be mistaken for the eggs of the hook- 
worms, but the smooth, thick, chitinous capsules should prevent 
error. Also the ovum of Ascaris is always in the' one-celled stage, 
while the hookworm egg contains four to eight blastomeres. 

A. lumbricoides is the most common species of the family Ascaridse 
found in the human being, forming with the A. duodenale and the 
T. trieMura the most prevalent combination of parasites met with in 
Orientals; they are seldom found singly in untreated eases. 

Trichuris trieMura. — The eggs of T. trieMura are barrel-shaped, 
with a thick, brown shell which is perforated at the poles, each 
opening being closed by a light-colored plug. They measure 0.054 
by 0.023 mm. The ovum of Eustrongylus gigas resembles slightly 
those of the whipworm; however, the depressions in the shell of the 
former, its larger size, and the fact that it is found in the urine, will 
prevent the eggs from being confounded with those of T. trieMura. 

Aneylostoma duodenale and Neeator amerieanus. — There is no clini- 
cal advantage in differentiating A. duodenale from N. amerieanus. 
The Sggs resemble each other very closely, and it is doubtful if it is 
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practicable to distinguish one from the other. It is, however, an 
easy matter to recover the adult parasites and to determine the 
species from their anatomical characteristics. 

The eggs of both parasites are of a grayish color, have a thin shell, 
the contents of which do not completely fill the shell, and they 
present a segmented appearance.. 

The eggs of A. duodenale measure 0.056 to 0.061 mm. in length by 
from 0.034 to 0.038 mm. in width, while those of N. americanus are 
0.057 to 0.072 mm. long by 0.036 mm. wide. As will be seen, the 
measurements overlap, therefore they will be of little value in deter- 
mining the identity of either egg. It is stated that the ends of the 
eggs of A. duodenale are broadly rounded and that those of N. ameri- 
canus taper toward each pole. 

Infertile eggs of the hookworm are sometimes seen, the shells of 
which contain a yellowish granular material. The only eggs that 
are likely to be confounded with the eggs of the hookworms are those 
of the Trichostrongylus orientalis a parasite having no pathological 
significance, and the decorticated eggs of A. lumbricoides. 

Trichostrongylus orientalis. — The shells of the eggs of T. orientalis 
are somewhat plano-convex, with a tendency to be pointed at one 
pole. They measure 0.072 to 0.080 mm. in length by 0.045 mm. 
in breadth, which makes it possible by comparative measurements 
to distinguish them from hookworm eggs. 

This parasite may be present in hookworm infections — an im- 
portant fact to be remembered, inasmuch as it is possible to eradicate 
the hookworms but difficult, if not impossible, to remove T. orientalis. 
In this case there will be ova appearing in the feces, closely resembling 
those of the hookworms, which may lead to the belief that infection 
by the latter is still present. These ova have been found in Japanese 
and Koreans. 

Oxyuris vermicularis . — The eggs of 0. vermicularis are not likely 
to be mistaken for those of others, since they are smaller than any 
other ova approximating their description. 

The eggs are double contoured and measure 0.054 by 0.025 mm., 
about the same as the eggs of the T. tricliiura. They usually contain 
a coiled embryo. The shells are thin. 

The adult parasites 'are readily recognized in the feces by the 
naked eye, and the method of looking for them in the feces is a more 
rapid and accurate one of detecting their presence than that of 
searching the feces for their ova. 

Strongyloides stercoralis. — The eggs of S. stercoralis are seldom found 
in the feces unless under-developed, infertile, or during purgation, 
when their ova are evacuated with the feces before the rhadbitiform 
larva? have been liberated from the shells within the intestines — a 
normal event. It is doubtful if the embryos would be retained 
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within the shells during the agitation incident to the preparation of 
specimens for centrifugalization. 

Under usual conditions in infection by these parasites their actively 
motile rhabditiform larvae will be readily observed with low-power 
magnification; the only other motile embryos that are likely to be 
recognized by low-power magnification are those of S. japonicum 
and S. mansoni, which, however, are not rhabditiform. 

The active motile embryos of Tricinella spiralis may be seen in 
the feces during the diarrheal stage by using a higher optical com- 
bination. 

Occasionally in the feces of Chinese from Canton, eggs are found 
having the characteristics of those of a Nematode. The shells are 
thin, inclosing a granular nucleus of a greenish-yellow color. They 
are in all probability the eggs of the Nemotodirus gibsoni. 

Vegetable cells and cryptogam spores derived from the food may 
be mistaken for the eggs of parasites, since they frequently appear 
in the feces. As is to be expected, many forms will be met with, 
owing to the various foods of the different races; therefore it would 
be impossible to give anything like a complete description of them. 
There are, however, forms that appear in the feces of orientals with 
such regularity that it is advisable to give a short description of 
them. 

More commonly are found spores of a dark-brown color, having 
a coarse mosaic arrangement of the outer surface, resembling in 
appearance the marking of a turtle's shell. They are about the size 
of the round-worm eggs. This appearance of the shell may cause 
the spore to be mistaken for the egg of the Eustrongylus gigas, which 
is also brown and has oval depressions, but which has clear areas 
at each pole. The size of the latter and the fact that it is found 
only in the urine will serve for differentiating. 

There is another common variety of spores of brown, color which 
seems to be folded upon itself after the fashion of a " turnover" 
biscuit. 

Diatomacese of both the fresh and salt water varieties are occasion- 
ally to be seen. Stauroneis phcenicenteron is quite common, also 
Coscinodiscus. The former is of a lanceolate form with transverse 
markings, and has an irregularly shaped nucleus centrally placed. 
The latter is circular in outline and presents a precise tesselated 
arrangement of its interior, which causes the frustule to appear 
similar to a cross section. Both forms are either pale yellow or 
colorless. 

Starch cells are commonly found. They are colorless and trans- 
lucent without regularity in outline or size. One with a fairly smooth 
outline might be mistaken for the degenerated egg of the hookworm, 
the shell contents being granular. The absence of a thin, smooth 
181232°— 20 2 
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shell with a clear area between the shell and its contents should clear 
up the doubt. A drop of dilute Lugol's solution added to the slide 
will definitely settle the question. 
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THE REGULATION OF BIOLOGICAL PRODUCTS IN ENGLAND. 

The Minister of Health of England has recently appointed a com- 
mittee to consider and advise upon legislative and administrative 
measures to be taken for the effective control of the quality and 
authenticity of such therapeutic substances offered for sale to the 
public as can not be tested adequately by direct chemical means. 

These substances do not include patent or proprietary medicines, 
which are under the control of the Select Committee on Patent Medi- 
cines, appointed in 1912, but are biological products, such as serums 
and vaccines, and mineral- and vegetable bodies, such as salvarsan 
and digitalis — substances the purity and standard of efficacy of 
which can not be adequately ascertained by the employment of ordi- 
nary chemical tests as can that of the great majority of medicinal 
substances. The determination can be made only in properly 
equipped laboratories by the employment of biological and physio- 
logical methods. 

At the present time there is not in England, as there is in some 
other countries, any effective supervision and control of the manu- 
facture or standardization of many of the important biological 
products. In the United States, under an act of. Congress, 1902, 
which provides for the regulation of the sale of viruses, serums, 
toxins, and analogous products in the District of Columbia, and of 
interstate traffic in said articles, and for other purposes, rules have 
been promulgated by the board, consisting of the Surgeons General 
of the Army, Navy, and the Public Health Service, governing the 
issuance of licenses. Under these rules licenses are issued, suspended, 
and revoked by the Secretary of the Treasury, upon the recommen- 
dation of the Surgeon General of the United States Public Health 
Service. Licenses are issued only after the inspection of establish- 
ments and examination of the products for which the license is desired. 

The committee appointed by the British Minister of Health is to 
devise measures to conduct and control the various tests and stand- 
ards employed by firms and persons engaged in the preparation and 
sale of such therapeutic substances as those mentioned above, and 
to devise a uniform system of standardization and control in order 
to guarantee that these agents are what they purport to be and are 
of an accepted standard of efficacy. 



